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Inducing Gravity from Connections and Scalar Fields
Hemza Azri∗
Department of Physics, Koc¸ University
34450 Sarıyer, I˙stanbul, TURKEY
We propose an approach to induced gravity, or Sakharov’s “metrical elasticity”, which requires
only an affine spacetime that accommodates scalar fields. The setup provides the induction of metric
gravity from a pure affine action, and it is established in two possible ways: (i) at the classical level,
Einstein-Hilbert action arises with both, metric and Newton’s constant, from the nonzero potential
energy of the background field (ii) at the quantum level (quantized matter), gravity scale is induced
from the one-loop effective action by integrating out the scalar degrees of freedom. In the former,
the cosmological constant is absorbed leading to the gravitational sector, however, the fact remains
that quantum corrections induce a large cosmological constant. This new approach adds a crucial
feature to induced gravity which is the fact that the metric structure is not imposed from the scratch,
but it is an outcome of the primary theory.
Keywords: Induced gravity; Affine gravity; One-loop effective action.
I. INTRODUCTION
Despite the tremendous efforts that have been devoted
to the quantum aspects of gravity, the shared conclu-
sion has been simply that there is no viable description
of quantum gravity [1]. On the other hand, electroweak
and strong interactions of quarks and leptons are sim-
ply understood in the context of gauge field theory and
are successfully encoded in the standard model (SM) of
particle physics that has been completed thanks to the
discovery of the Higgs boson [2]. The gap existing be-
tween the physics of gravity and that of the SM has led
some people to think about gravity as an emergent or
an“induced” phenomenon that does not necessitate any
quantum description, but rather, it emerges from man-
ifestations of quantum matter fields [3, 4]. One of the
attempts that gained much attentions has been the idea
of induced gravity firstly proposed by Sakharov [3]. It is
argued there that gravity as a classical force, could arise
from quantum fields of elementary particles when treated
in a “classical” curved spacetime.
In induced gravity models, we generally suggest the ex-
istence of a geometric background; a “Lorentzian mani-
fold” on which one proceeds to construct a quantum field
theory. In this setup, the geometry is considered classi-
cal, whereas matter fields are quantized. This construc-
tion automatically generates Einstein’s general relativity
(GR) and higher curvature gravities.
The framework is generally based on the one-loop ef-
fective action of a classical theory of a massive scalar φ
coupled nonminimally to the spacetime scalar curvature
R (g) as
S[g, φ] =
∫
d4x
√−g
[
ξφ2
2
R(g)− 1
2
(∂φ)2 − V (φ)
]
(1)
where gµν refers to the metric tensor of the manifold
and ξ is a constant dimensionless parameter. Historically
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the model above which is generically called an induced
gravity model is a particular type of the so called scalar-
tensor theory proposed originally by Jordan [5] which
stands on embedding the four-dimensional spacetime in
a five-dimensional flat space and allows one to describe
a variable gravitational constant [6]. More influential
are Brans-Dicke scalar-tensor gravities [7] which are also
based on the same feature; the nonminimal coupling dy-
namics (see Ref.[6] for both historical and technical de-
tails.) Among various and several examples, some earlier
applications of scalar-tensor theories have included grav-
itational waves [8], and later black hole structures [9] as
well as attempts to explain the accelerating expansion
of the universe [10]. At the classical level, models such
as (1) have been used as an attempt to incorporate the
spontaneous symmetry breaking in a curved background
that leads to the scale of gravity [4]. Furthermore, they
have been considered as possible gravitational models for
the early universe, particularly to drive cosmological in-
flation [10].
The essential ingredient in Sakharov’s induced gravity
is the following one-loop effective action obtained from
(1) by integrating out the scalar degrees of freedom (the
general case would include fermions and gauge bosons)
[3, 4]
∆S =
i
2
Tr ln [g + V
′′ + ξR(g)] . (2)
Although it leads correctly to Einstein’s general rel-
ativity and generalized theories of gravity, this ancient
induced gravity may not reflect a correct emergence of
gravity based on its “metrical” structure. In fact, clas-
sical gravity described by Einstein’s general relativity is
a theory of the spacetime metric. The latter plays the
role of the gravitational field which in turn appears as
curvature effects on rods and clocks. These effects are
encoded in the metric tensor, and then it is this “met-
rical elasticity” which is the origin of gravity at large
scales. At that end, a correct theory of induced gravity
must be able to generate this metrical elasticity of space.
In the standard induced gravity, this metric structure is
2already postulated as a Lorentzian manifold, thus gener-
ation of Einstein-Hilbert action may not mean generation
of “metrical elasticity”.
The question now, is it possible to generate theories
of gravity with their metrical structure? If yes, do they
arise “classically” or at the quantum level like standard
induced gravity where matter is quantized?
The aim of this paper is to show that such a theory
might be possible in the framework of “affine” spacetime,
where the metric tensor is completely absent in the be-
ginning [11]. Our setup will be based on an affine action
in which an affine connection, introduced as fundamen-
tal quantity, is coupled to scalar fields through curvature.
We will propose to proceed in two possible ways:
A. The first step that we follow in Section II is to expand
our pure affine action around a background up to
quadratic terms of the field. Stationary of the action
against variation with respect to the affine connection
leads to dynamical equation from which emerges the
metric tensor with a constant of proportionality that
will be related to the gravitational constant. As a re-
sult, the action of the background field is reduced to
Einstein-Hilbert action where any constant piece that
appears a priori in the potential, which correspond
to a possible cosmological constant, is completely ab-
sorbed in the definition of this gravitational sector.
On the other hand, the terms quadratic in the field
will bring higher order curvature terms that corre-
spond to extended gravity models. This terminates
the classical part of our approach to induced gravity.
B. The second part will be devoted to constructing the
one-loop effective action of the theory. This maybe
considered as the first essay towards effective actions
in affine space. It is the emergence of the metric struc-
ture in (A) that allows us to calculate this quantity.
In fact, the volume elements in affine space which are
necessary in performing the integrals are reduced to
metric volume elements thanks to step (A). We then
adopt an ultraviolet (UV) cutoff to regularize the in-
tegrals which in turn lead to an induced gravitational
and cosmological constants. As in Sakharov’s induced
gravity, the experimental value of Newton’s constant
requires a UV boundary of the order of the Planck
mass. This, unfortunately, pushes the induced cos-
mological constant to a very large value due to the
presence of the quartic and quadratic UV divergent
terms.
With the last step, we have a complete approach to in-
duced gravity where not only the gravitational param-
eters (Newton and cosmological constants) but interest-
ingly, the metric tensor also gains an emergent character.
A summary of these results will be given in Section III.
II. GENERATING METRIC GRAVITY
As we have mentioned above, our aim is to construct
a model of induced gravity with a crucial feature; the
induction of the spacetime metric. This suggests a pri-
mary “metric-less” classical action from which one pro-
ceed to extract the one-loop effective action. Thus, we
begin with a very simple spacetime which does not rec-
ognize a metrical structure where angles and distances
measurements take place. However, different events in
different points are studied and compared only through
parallel displacements of vectors and tensors [11–13]. To
that end, this spacetime arena is endowed with only an
affine connection Γ and its associated curvature. This
simple structure offers a viable calculus of variation by
coupling scalar fields to the affine connections [14]. In-
deed, a viable theory of gravity must be described by a
covariant field equations that arise from an action prin-
ciple. Here we want to construct an affine action that
enables us to induce the scale of gravity in the philos-
ophy of GR counterpart (1), i.e, when ξφ2 → M2Pl (for
constant fields.) With this, the general coordinate trans-
formations of affine spacetime suggest then a combina-
tion of the Ricci tensor of the affine connection Rµν(Γ)
and scalar field kinetic structure ∇µφ∇νφ as well as a
scalar potential V (φ). Dimensional analysis implies that
this combination could simply come out in the following
form
S [φ] = 2
∫
d4x
√|| ξφ2Rµν (Γ)−∇µφ∇νφ ||
V (φ)
, (3)
which indeed leads to GR with an induced gravity scale
for constant fields [11] (see also Ref.[15] on how to con-
struct pure affine actions.)
We notice here that we take only the symmetric part
of the Ricci Tensor of the symmetric affine connection.
This action has been introduced for the first time by
the author and his collaborator as an attempt to a new
approach to induced gravity in the philosophy of sponta-
neous symmetry breaking [11]. It is worth enlightening
briefly the main results of the mentioned work. First
of all, this action runs along two important and explicit
properties:
(a) Both geometry and scalar field terms define the in-
variant volume measure, i.e, the square root of the
determinant. The scalar field enters this measure by
its derivative (kinetic part) in a tensorial form. The
property of “contraction” is absent at this stage since
there is no notion of metric tensor.
(b) The potential energy enters the action separately in
division, and then the action is well defined only for
nonzero potential energy, V (φ) 6= 0.
The second property reflects the viability of the affine
models in studying the early universe where the scalar
field φ requires a nonzero potential enegry to get all the
3phase of inflation done [11, 12, 16]. The crucial impor-
tance of this property will become clear later when deriv-
ing the gravitational actions based on the model given in
(3). It has been shown that (affine) gravity is induced via
spontaneous symmetry breaking where the gravity scale
arises from the constant vacuum expectation value of a
heavy scalar, and the metric tensor is generated thanks to
the nonzero vacuum energy left after symmetry breaking
[11].
Returning to the present work, the first step towards
the emergence of metric gravity is to expand the field φ
around a “constant” background φc as
φ = φc + ϕ. (4)
This has been taken only for the sake of simplicity and
it could be trivially generalized to the case where the
background is not constant.
An important remark here, is that the field must not
have a zero potential at this background, V (φc) 6= 0.
This is an essential postulate for the upcoming results.
To that end, and up to second order in ϕ, the action
(3) takes the following form
S [ϕ+ φc] = S [φc] + I1[ϕ] + I2[ϕ∂
2ϕ] + I3[ϕ
2] + . . .
(5)
where the first term in the right hand side is nothing but
action (3) evaluated at the background φc, and the last
three terms are respectively given as follows
I1[ϕ] = 2
∫
d4x
√
||K(φc)||
V 2(φc)
[
ξφcV (φc)(K
−1)αβRαβ − V ′(φc)
]
ϕ (6)
I2[ϕ∂
2ϕ] =
∫
d4xϕ∂α
(√
||K(φc)||
V (φc)
(K−1)αβ∂βϕ
)
, (7)
and
I3[ϕ
2]=
∫
d4x
√
||K(φc)||
V 2(φc)
[
(ξV (φc)− 2ξφcV ′(φc)) (K−1)αβRαβ − 2ξφ2cV (φc)(K−1)αβ(K−1)νλRβνRλα
]
ϕ2
+
∫
d4x
√
||K(φc)||
V 2(φc)
[
2V ′2(φc)
V (φc)
− V ′′(φc) + ξ2φ2cV (φc)
(
(K−1)αβRαβ
)2]
ϕ2 (8)
where for simplicity we have introduced the tensor Kµν
which is given as follows
Kµν (φ) = ξφ
2Rµν (Γ)−∇µφ∇νφ. (9)
Finally we have an expansion of action (3) up to
quadratic terms of the scalar field where all the geomet-
ric parts (the Ricci tensor and its inverse) that appear
in this expansion are given only in terms of the affine
connection.
Our next step is to extract the new feature behind this
expansion which will be certainly the induction of metric
gravity (GR and its extensions). In the subsequent sec-
tion we show how Einstein-Hilbert action arises after the
generation of the metric tensor dynamically. This clas-
sical setup will be of a great importance since it helps,
later on, in performing the one-loop effective action which
is considered as the main part in inducing gravity a` la
Sakharov.
A. Classical setup: Inducing metric structure
First of all, let us simplify the expression of the expan-
sion (5) by using every possible equation of motion.
Here, the term (6) which is linear in ϕ vanishes by use
of the equation of motion of the background
δS[φc]
δφc
= 0, (10)
which is given explicitly as√
||K(φc)||
V 2(φc)
[
ξφcV (φc)(K
−1)αβRαβ − V ′(φc)
]
= 0(11)
This equation of motion can be simplified using the ge-
ometrical equations which arises from varying the back-
ground action with respect to the affine connection Γ. In
fact, stationary of S[φc] against this variation
δS[φc]
δΓλµν
= 0, (12)
would simply lead to the following constraint
∇µ
(
ξφ2c
√
||K (φc) ||
V (φc)
(
K−1
)αβ)
= 0. (13)
This implies a natural “induction” of an invertible (rank-
two) tensor gµν such that
√
|| g || (g−1)αβ = ξφ2c
M2
√
||K (φc) ||
V (φc)
(
K−1
)αβ
, (14)
4where M is a constant of a mass dimension.
The induced tensor clearly satisfies ∇µgαβ = 0 which
appears as a metricity equation, and then it plays the
role of the metric tensor. The affine connection Γ in turn,
which defines the action (3) is automatically reduced to
Levi-Civita of this metric.
With this induced metrical structure described by the
metric tensor (14), the equation of motion of the back-
ground (11) takes the form
ξφcR(g)− V ′(φc) + Ψ(φc) = 0, (15)
where R(g) is now the Ricci scalar of the metric tensor
and the last term is given by
Ψ(φc) =
(
1− M
2
ξφ2c
)
V ′(φc). (16)
We mention again that the background field has been
taken constant, the case that justifies the absence of
the d’Alembert operator in the previous equation [11].
At the background, the equality (14) is nothing but the
gravitational field equations with a cosmological constant
V0 = V (φc) or explicitly
ξφ2cRµν(g) = gµνV0
(
M2
ξφ2c
)
. (17)
Consistency with Einstein’s field equations implies that
M2 = ξφ2c ≡ (8piGN )−1. (18)
Now the remaining terms in the expansion (7), (8) as well
as S [φc] are reduced to quantities that depend on the
induced metric and they lead finally to the gravitational
actions
S [ϕ+ φc]=
∫
d4x
√
|| g || R (g)
16piGN
+
∫
d4x
√
|| g || ϕ
[
g + c1 + c2R (g)
]
ϕ
+
∫
d4x
√
|| g || ϕ2
[
c3R
2 (g) + c4R
µνRµν
]
(19)
where the constants ci are listed as follows
c1 =
2V ′2(φc)
V (φc)
− V ′′(φc) (20)
c2 = ξ − 2ξφcV
′(φc)
V (φc)
(21)
c3 =
ξφ2c
V (φc)
(22)
c4 = − 2ξφ
2
c
V (φc)
. (23)
It is worth noticing that in order to get the Ricci scalar
in the first term of (19), we have used equation (14) in
its tensor form where the potential V (φc) which appears
in S[φc] is then written in terms of the Ricci scalar
1.
The induced actions (19) are written in terms of the
metric tensor and then they describe metrical gravita-
tional theories. These metrical theories are originated
from the simple and primarily action (3). We thus enu-
merate the main results found above as follows:
(i) Einstein-Hilbert action which describes GR is gen-
erated from the (constant) background field via the
action S [φc]. This is nothing but Eddington (affine)
action written in an associated metrical form [17].
A nonzero potential is a very crucial condition here.
Here, we notice the absence of any constant term
that could correspond to a “classical” cosmolog-
ical constant. The reason is that at the back-
ground field, the constant potential V0 = V (φc) is
“completely” transformed to the gravitational sec-
tor which is formed by the Planck mass and the
Ricci scalar. Thus, the affine to GR transition is
followed by the absorption of the cosmological con-
stant.
(ii) This pure affine model (3) generates also higher or-
der curvature terms which are seen in the last in-
tegral of (19). Unlike metric induced gravity, these
terms appear here in the action without calculat-
ing the effective action. In metric induced gravity
the higher order curvature terms arise only after
adopting an explicit UV cutoff and regularizing the
action. The one-loop effective action will be our
object of interest in the subsequent Section.
B. Quantum corrections: Gravity a` la Sakharov
Up to now, like geometry, we have treated the mat-
ter fields (scalars here) as pure classical fields. In what
follows, we will define the quantum matter fields on the
classical background (affine) geometry. The aim of this
part of work is to consider the effects of quantum matter
fields on this geometry which is endowed with only an
affine connection and its curvature.
The object of interest here is the effective action ∆S[φ]
for (3) by integrating out the scalar fields. The one-loop
contribution to this effective action is generally given by
[18]
ei∆S[φ] ≡
∫
Dϕ exp
[ i
2
ϕ
(
δ2S[φ]
δφδφ
)
ϕ
]
. (24)
As one may easily show, the integrand in this expression
is given by the sum of the two terms (7) and (8) quadratic
in the field. Thus, the expression (24) is a function of the
1 Here, the explicit relation between V0 and R(g) is obtained by
tracing equation (17). The author thanks D. Demir for drawing
his attention to this step.
5affine connection and its associated curvature and it can
be considered as the effective action for the classical affine
connection Γλµν which appears (in terms of Feynman di-
agrams) in the external legs, whereas the scalar fields
inside the loops. However, it is worth emphasising here
that, as we shall see below, this method will be based on
a transition from pure-affine to pure-metric action where
the metric tensor gains an induced character from the
background action. Thus, one has to pay attention to
that and not confuse this case with the general classi-
cal cases in Ref.[11, 12] where the metric tensor does not
arise from ”only” the background but satisfies a complete
Einstein equations of motion with scalar fields2.
As we have mentioned in the previous part of this sec-
tion, the geometric side of the equations of motion, or the
equations arising from variation with respect to the affine
connection leads to dynamical constraint (13) which in
turn necessitates the existence of an emergent metric field
(14). This step adds a new feature to induced gravity in
general which is the classical transition
Affine spacetime
Eq.(13)−−−−−→ Metric spacetime.
The important utility of this transition in evaluating the
effective action, is the fact that spacetime affine measure
is reduced to spacetime metric measure, or
ξ2φ4c
M4
√
||K(φc)||
V 2(φc)
Eq.(14)−−−−−→
√
||g||. (25)
To that end, in our approach, gravity will be induced
from the one-loop effective action (24) which takes the
form
ei∆S[φ] →
∫
Dϕ exp
{
i
∫
d4x
√
||g||ϕ
[
g +H(g)
]
ϕ
}
(26)
where the operator H(g) is given by
H(g) = c1 + c2R (g) + c3R2 (g) + c4RµνRµν . (27)
This simply leads to3
∆S → i
2
Tr ln [g +H(g)] . (28)
This is the final expression of the one-loop effective ac-
tion that arises from pure affine action (3). There are
crucial differences from the one-loop effective action (2)
2 By this we mean that the present method of induced gravity has
nothing to do with any quantum corrections of the pure-affine
inflationary models given in Ref.[11, 12, 15].
3 The final result includes a factor two in front of the operator
g+H(g) in order to have a correct Gaussian integral. However,
we have ignored this factor since the quantity of interest will be
difference in the one-loop contribution to the effective actions of
two metrics using the familiar formula of ln(a/b) (see References
[19, 20] for details.)
in metric theory which could be seen if one considers a
simple massive scalar field (see discussion below).
A common fact however is that those expressions di-
verge when performing the integration. The detailed
analysis behind the evaluation of the integrands (2) and
(28) put it beyond the scope of this paper. However,
we mention here that we follow the Heat Kernel method
where the heat kernel is expressed in terms of the Seeley-
DeWitt expansion, and the integrals are regulared by
adopting a UV cutoff [18].
Below, we will not be interested in the higher order
(curvature) terms but only in the divergences which are
proportional to the Ricci scalarR and that corresponding
to a volume element. Detailed calculation shows that
those two terms induce both Newton’s constant Gind and
a cosmological constant V ind0 respectively
1
Gind
=
(
1
6
− c2
)
Λ2UV
2pi
−
(
1
6
− c2
)
c1
pi
ln
(
ΛUV
µ
)
+UV-finite (29)
and
V ind0 =−
Λ4UV
128pi2
+c1
Λ2UV
64pi2
− c
2
1
64pi2
ln
(
ΛUV
µ
)
+UV-finite, (30)
where the parameter µ is an infrared cutoff.
These expressions show the main idea behind induced
gravity which lies in determining the gravitational cou-
plings from the particle spectrum and the UV cutoff. The
latter, however, will be fixed by the numerical values pro-
vided by experiments and it will certainly be related to
the upper scale for the valid effective theory. For the
previous setup to make physical sense, the UV boundary
must be of the order of the Planck mass ΛUV ≃ MPl.
Thus, the induced gravitational constant reads
1
Gind
≃M2Pl. (31)
This has a direct but sever implication on the value of the
cosmological constant. While its observational value is
estimated to be of the order of the neutrino mass density,
i.e, (10−3eV)4 [21], the value of the induced quantity (30)
manifests as
|V ind0 | ≃M4Pl ≃ (1019GeV)4. (32)
The discrepancy between the observational and theoreti-
cal estimations of the value of the cosmological constant
is not restricted to the present model of induced grav-
ity but it holds in most of gravity models albeit with
quantum matter fields. This is simply the origin of the
celebrated cosmological constant problem [22]. Last but
not least, we summarize in Table I the UV coefficients of
6TABLE I. The one-loop induced parameters in standard (metric) induced gravity versus those of the present (affine) approach
for quadratic potential. In both approaches, the gravitational and the cosmological constants are dominated by power-law UV
terms, however, in those terms the conformal value ξ = 1/6 of metric gravity is no longer preserved in our approach. This could
be a consequence of the absence of (metric) conformal transformation in affine gravity [15]. The crucial differences between the
approaches lie in the induced higher order gravity where the couplings are power-law UV sensitive in the present model. This
is an expected result since higher order gravity emerges classically in (19) before performing the effective action.
Induced constants Metric induced gravity Affine induced gravity
V ind0 −
1
64pi2
[
Λ
4
2
−m2Λ2 −m4 ln(Λ/µ)
]
−
1
64pi2
[Λ
4
2
− 3m2Λ2 + 9m4 ln(Λ/µ)]
1/Gind
1
pi
( 1
6
− ξ)
[
Λ
2
2
−m2 ln(Λ/µ)
]
1
pi
( 1
6
+ 3ξ)
[
Λ
2
2
− 3m2 ln(Λ/µ)
]
c
R
1
32pi2
(
1
36
−
ξ
3
+ ξ2
)
ln(Λ/µ) 1
32pi2
[
−2ξ2 Λ
2
m2
+
(
1
36
+ 13ξ + 9ξ2
)
ln(Λ/µ)
]
c¯
R
−
1
2880pi2
ln(Λ/µ) 1
32pi2
[
4ξ Λ
2
m2
−
(
1
90
+ 24ξ
)
ln(Λ/µ)
]
the induced gravitational and cosmological constants, as
well as the higher order curvature terms, for the simple
example of a massive scalar field where V (φ) = m2φ2/2
using the following standard writings
∆S ⊃
∫
d4x
√
||g||
[ R(g)
16piGind
− 2V ind0 + cRR2
+c¯
R
RµνR
µν + . . .
]
. (33)
Here, since curvature terms like those at the end of the
last expression are also generated classically in (19), then
the related coefficients will be certainly sensitive to UV
power-law. This is no longer the case of metric induced
gravity.
The discussion above shows how one could realize an
induced gravity model from a pure affine spacetime free
of not only the gravitational constant which provides the
measure of weights, but also the metric tensor which
plays the role of the gravitational field. The present setup
is able to induce both quantities as well as a vacuum en-
ergy from the one-loop (affine) effective action.
We conclude by mentioning that the present approach
may need to be extended by illuminating the following
points:
i. First of all, the model described by action (3) is based
mainly on scalar degrees of freedom and it could be
easily generalized to multi-scalar fields [15, 23]. How-
ever, the fact remains that fermionic fields are not yet
viably accommodated in affine space. This could be
an obstacle if the gravitational couplings have to be
induced from “all” the SM particles spectrum. In
this case, extending (3) to include the SM matter
fields in a unified picture would be necessary.
ii. Second, unlike the case of induced gravity models
based on their prior metric structure, in the present
approach, we were able to generate higher order grav-
ity terms only classically. Although these terms re-
ceive a UV power laws corrections (see Table I), one
has to explore the possible and considerable new fea-
tures of these terms, such as deriving cosmological
inflation.
III. SUMMARY
The physics of gravity at the microscopic scale remains
one of the puzzles on which debates have never been set-
tled down. Since the standard model of particle physics
does not accommodate this interaction, people turned
to thinking about its origin as a non-fundamental force.
Gravity is induced or emerged from the micro-physical
phenomena is the common framework for most of the
proposed models [3, 24].
Induced gravity, particularly in Sakharov’s approach,
aims at describing classical gravity by the quantum fields
of matter. The latter need to be coupled to spacetime
curvature with no signature of Newton’s constant that
translates the presence of gravity. At this stage, the
“classical” spacetime geometry does not show to have any
specific dynamics. Nevertheless, its response to quan-
tum matter fields ends up with an induction of the grav-
itational constant via the one-loop effective action. In
Sakharov’s approach, the spacetime gains a Riemannian
geometry from the scratch, while in other (almost) simi-
lar models, it has been taken arbitrary [20]. However, in
all these models, the main postulate is that spacetime is
“endowed” with a metric tensor.
In this paper we have argued that gravity, if induced,
must arise with the metrical structure of spacetime. The
latter property may not be imposed from the scratch.
In fact, it has been shown that matter fields may not
require the metric tensor to couple to curvature of space-
time [11, 12, 14]. It turned out that the metric tensor is
generated dynamically from an affine variational princi-
ples. This feature has been at the heart of our approach
presented in this paper where we have proposed a pure
affine action in which a scalar field is coupled to the affine
7connection. Unlike the models that we have referred to
previously, our approach is founded on two main roads,
where in the first, we have generated the metric struc-
ture dynamically. Then we have proceeded to calculating
the one-loop effective action and obtained the regularized
induced parameters; Newton’s constant and the cosmo-
logical constant, providing that the ultraviolet cutoff is
comparable to the Planck mass.
Induced gravity does not only provide us with an origin
to the gravitational couplings from the particle spectrum,
but it may also have an interesting effects on the standard
model of particle physics particularly in counteracting
the ultraviolet sensitivity of the latter [25]. The present
approach to induced gravity may reveal some important
and new features of the physics of standard model when
incorporating gravity. This will be explored in a possible
future work.
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